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INTRODUCTION 
In many minimally invasive surgical (MIS) procedures - 
including intraparenchymal brain tumour resection, 
endoscopic laryngeal microsurgery, transanal endoscopic 
microsurgery (TEM), endoscopic lumbar discectomy and 
- tubular retraction devices are used to create and 
maintain a narrow corridor to the area of interest while 
causing minimal harm to surrounding tissue. In these 
procedures tissue manipulation is achieved by inserting 
long rigid instruments into the corridor. However, the 
geometry of the retraction device, in combination with 
the length of the instruments, limits the dexterity and 
control of the instrument.  
In previous studies, the CYCLOPS system has shown to 
be able to overcome these limitations by offering 5 or 6 
DOF while maintaining force feedback capabilities in 
general surgical procedures [1]. The present study applies 
the same tendon-driven parallel manipulation principle of 
the CYCLOPS to microsurgical procedures that use 
tubular retraction devices.  
Among the most common microsurgical procedures 
performed within the brain is the microsurgical resection 
of intrinsic brain tumours. The 11.5mm diameter Neuro-
endoport (NEP) (UPMC, Pittsburgh, PA) has been used 
for nearly atraumatic brain tissue retraction to gain 
transparenchymal access to deep-seated lesions [2]. 
However, approaches using the NEP are very technically 
challenging and have not been widely adopted by the 
neurosurgical community [3]. Here, we report the 
development and early validation of the neuro-
CYCLOPS, a manually controlled parallel-driven 
manipulator for NEP surgery.  
MATERIALS AND METHODS 
An early 3D printed neuroCYCLOPS prototype has been 
developed and tested (Fig. 1). An inexpensive Ultimaker 
2+ Desktop 3D printer (Ultimaker Holding B.V., The 
Netherlands) was used for manufacturing.  The design is 
scaled up 2.2 times, to an inner NEP diameter of 21mm. 
The Olympus FB-52C-1 (Olympus, Japan) grasper was 
modified and incorporated into the design. Whereas the 
original CYCLOPS system is robotic, the current system 
is developed for manual control, but can be made robotic 
with the addition of motor units. The essence of the 
manual controlled CYCLOPS lies in replicating the 
slave’s parallel tendon configuration for the master (Fig. 
2a) and applying alterations to offer intuitive manual 
control. Bowden cables (shown in Fig 1a) are used to 
guide the 8 tendons from the master to the slave, allowing 
position and forces to be transferred.  
Fig. 2 A) The slave system with 6 DOF. The torsional rigid shaft is used to transmit the rotation of the master to the slave 
and enable rotation ζ. B) The alternative tendon configuration shown schematically in a 2D plane. The configuration is required for 
the slave to mimic the movement of the master in 4DOF (y,z,θ,φ).  C) Schematic of the neuroCYCLOPS placed in the NEP. The 
movement of the end-effector in the x-axis (𝑥𝑠) is facilitated by allowing the entire system to move with 𝑥𝑁𝐶. D) Elongation of the 
tendons is minimized by increasing the size of the master relative to the slave (𝑟𝑚𝑎𝑠𝑡𝑒𝑟  ≫  𝑟𝑠𝑙𝑎𝑣𝑒). 
 
Fig. 1 A) The neuroCYCLOPS being operated during the 
experiments B) View from the scope during the pick and place 
task C) The neuroCYCLOPS can achieve higher angles than 
rigid instruments inserted in the modified NEP.  
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The first alteration to achieve manual control is the 
connection between the master and slave, as shown in 
Fig. 2b, resulting in a direct duplication of movement of 
the master in 4 DOF (y, z, θ, φ). However, this tendon 
rearrangement results in movement in the X-axis to be 
mirrored (𝑥𝑚 =  −𝑥𝑠  Fig. 2c). This is compensated by 
allowing the entire scaffold to move relative to the NEP 
in the x-direction, denoted as 𝑋𝑁𝐶 . This is beneficial for 
neurosurgical applications, as it allows for large 
movement in the x-direction required for the resection of 
large lesions. The 6th DOF, rotation around the x-axis (ζ), 
is achieved by using a torsionally rigid – yet with a low 
flexural stiffness - tube to transmit this additional degree 
of freedom to the end-effector. The torsion is transmitted 
from the master using a pulley mechanism (Fig. 2a). The 
pulley tendons are guided through Bowden cables, and 
the pulley is able to rotate at an angle α to accommodate 
length changes in the s-direction. Lastly, the master 
manipulator is increased in size compared to the slave to 
be able to compensate for elongation of the tendons 
(𝑟𝑚𝑎𝑠𝑡𝑒𝑟  ≫  𝑟𝑠𝑙𝑎𝑣𝑒  , Fig. 2d). If the radius would be equal 
(𝑟𝑚𝑎𝑠𝑡𝑒𝑟 =  𝑟𝑠𝑙𝑎𝑣𝑒 ) movement of the master in the Z-
direction will result in the lengthening Δ𝑡1of tendon 𝑡1 
and shortening Δ𝑡3   of tendon 𝑡3 . As the tendons have 
been reconfigured (Fig. 2b) the overall lengthening of the 
tendons is described as Δ𝐿1 =  Δ𝑡1,𝑚𝑎𝑠𝑡𝑒𝑟–  Δ𝑡3,𝑠𝑙𝑎𝑣𝑒 =
 0. Thus, for movement in the z-axis, the tendons aligned 
with this direction will not lengthen. However, for this 
same movement the tendons 𝑡2 and 𝑡4 - aligned in the y-
axis – will both increase in length: Δ𝐿𝑌 =
 Δ𝑡2,𝑚𝑎𝑠𝑡𝑒𝑟–  Δt4,slave >  0 . Energy will be put into the 
elongation of these lateral tendons, resulting in an 
increase in stiffness during control and limited of 
controllability of the device. By increasing the diameter 
of the master relative to the slave scaffold, 𝑟𝑚𝑎𝑠𝑡𝑒𝑟  ≫
 𝑟𝑠𝑙𝑎𝑣𝑒 , the maximum angle γ required to manipulate the 
end-effector within the area A (𝐴 =  𝜋𝑟𝑠𝑙𝑎𝑣𝑒
2 , Fig. 2d) is 
reduced. As a result significantly less tendon elongation 
is required, offering controllable manipulation within this 
area A. 
A simple pick and place task was adopted to compare the 
performance of the neuroCYCLOPS against rigid 
instruments, both placed in a tube resembling the scaled 
up NEP geometry. The task was performed within an 
81cm3 box trainer that has previously been validated for 
keyhole neurosurgery [3]. An Endoeye Flex 3D 
laparoscope (Olympus, Japan) was used, and set in 2D 
mode to mimic the more commonly used 2D scopes. 
Performance was assessed using the MISTELS and 
NASA-TLX for task working load assessment. The 
number of collisions between the instruments and the 
surrounding structures was used as a metric for 
controllability, and were measured using an Arduino 
Leonardo (Arduino, Italy) and electrical contact between 
the instrument (anode) and the environment (cathode). 
RESULTS 
While using the neuroCYCLOPS, novice participants     
(n = 10, 24-57 years old, 7:3 Male:Female) showed a 
significant decrease of clashes with surrounding 
structures (p = 0.0068, one-tailed paired T-test, Table 1), 
without any difference in time (p = 0.787, two-tailed 
paired T-test). The NASA-TLX also indicated that the 
participants perceived a lower workload in favour of the 
neuroCYCLOPS (p = 0.0025, one-tailed paired T-test).  
DISCUSSION 
The first tests with the manual controlled neuro-
CYCLOPS were positive, showing the pick and place test 
could be performed successfully and intuitively. Also,   
the neuroCYCLOPS was more stable to control and was 
least affected by hand tremor when compared to standard 
long rigid instruments. This is signified by the reduced 
amount of clashes with surrounding structures. 
Additionally, the neuroCYCLOPS has shown to be able 
to attain a larger instrument angle and have a wider range 
for the same protrusion compared to the rigid instrument 
(Fig 1c). Dexterous and accurate control of the end-
effector is highly desirable for safety in many 
microsurgical procedures, and in particular when 
handling delicate brain tissue. Also, the increased 
dexterous workspace may allow further reduction of the 
NEP diameter without loss of surgical efficacy. This 
initial study with the neuroCYCLOPS has shown that the 
prototype offers a safe, intuitive, and low-cost platform 
for neurosurgical procedures. 
This abstract demonstrated the early steps in the 
combination of the CYCLOPS system with existing 
tubular retraction devices to offer accurate and intuitive 
control for microsurgical minimally invasive procedures. 
Further development includes the addition of a second 
instrument to allow for bimanual control, and the 
introduction of a small diameter endoscope via the NEP 
shaft. More accurate manufacturing methods will allow 
miniaturisation of the device for use in clinical settings. 
The current system is designed for manual control, which 
offers significant cost savings and imposes less 
regulatory hurdles. However, for applications that may 
benefit from robotic control the system can be easily 
adapted.  
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 neuroCYCLOPS Conventional 
Time      [s] 51.8 ± 19.7𝑠 50.3 ± 16.4𝑠 
Clashes  [#] 11.7 ± 7.3 24.7 ± 12.9 
NASA-TLX [-] 50.0 ± 17.7 62.5 ± 16.8 
Table 1 – Comparison between the neuroCYCLOPS and 
conventional rigid instruments (n = 10). 
 
37
